The stromal microenvironment of tumors is gradually becoming a main focus in the field of cancer research. It is believed that malignancy is a result of complex molecular and cellular interactions between the elements of tumor microenvironment and surrounding host tissues which induce selection and expansion of the neoplastic cells \[[@b1-jptm-2017-07-19]\]. In 2005, Zigrino *et al*. \[[@b2-jptm-2017-07-19]\] reported an interaction of tumor cells with the stromal elements during tumor progression and paid special attention to the ability of the neoplastic cells to modify stroma by changing the adjacent connective tissue and modulating cellular metabolism of the host. In such circumstances, a new stroma is formed in areas of tumor invasion, including the parts of distant metastases, creating favorable conditions for the aggressive potential of tumor cells. This event in the areas of active cancer cell invasion is common in tumor progression \[[@b2-jptm-2017-07-19]\].

Murray *et al*. \[[@b3-jptm-2017-07-19]\] introduced the acronym "MELF" (microcystic, elongated, fragmented) which describes the unusual changes incurred by the endometrioid adenocarcinoma (EA) when invading into the myometrium. These changes are characterized by the formation of microcysts lined with eosinophilic cytoplasm, elongated glandular structures, and clusters of individual cells \[[@b3-jptm-2017-07-19]\]. Though earlier it was believed that this fibromyxoid stromal reaction was initially a degenerative process, a number of studies have shown that the MELF pattern can be a specific tumor stroma reaction, similar to the epithelial-mesenchymal interactions observed in other tumors \[[@b4-jptm-2017-07-19]\].

Angiogenesis is defined by formation of new blood vessels from preexisting ones, playing a key role in uncontrolled proliferation of cells, survival of localized malignant cells and distant tumor invasion. Increased microvessel density, an indirect marker of intense tumor vascularization, is known to be associated with both evolution of the disease and patient survival. The formation of new vessels depends on the interaction between different hormones/growth factors and microvascular endothelial cells lining the existing microvessels \[[@b5-jptm-2017-07-19],[@b6-jptm-2017-07-19]\]. The endometrium expresses several growth factors involved in angiogenesis, including epidermal growth factor, transforming growth factor, and vascular endothelial growth factor (VEGF). VEGF is one of the most common promoters of angiogenesis, expressed even by the normal endometrium. As an angiogenetic factor, VEGF stimulates proliferation of endothelial cells and also increases vascular permeability and protein extravasations \[[@b7-jptm-2017-07-19]-[@b9-jptm-2017-07-19]\].

In this study, we hypothesized that MELF-pattern, VEGF expression by cancer cells, and microvessel density may be associated with the progression of EA and survival of patients. Therefore, we investigated the role of vessel and stroma of tumor microenvironment and reported for the first time that these criteria may be used as prognostic factors for EA of the uterine corpus.

MATERIALS AND METHODS
=====================

Ethical approval
----------------

The study was approved by the Committees for Medical and Health Sciences of Research Ethics of Republican Research Center for Radiation Medicine and Human Ecology and Gomel State Medical University. Dispensation from the requirement of patient consent was granted.

Patient characteristics
-----------------------

This retrospective study involved women with endometrial EA who were treated between January 2010 and December 2012 in the Grodno region, Republic of Belarus. The inclusion criteria for the study were stage I--III (International Federation of Gynecology and Obstetrics \[FIGO\], 2009), the presence of EA as the main cause of death, progression of the tumor, age between 45 and 80, hysterectomy, and an absence of malignant tumors in other parts of the body. The control subjects were selected cases of EA stage I--III with 5-year survival, age between 45 and 80, and no history of other malignant tumors. The exclusion criteria for the study were as follows: stage IV (FIGO, 2009), death from postoperative complications during the first month after hysterectomy, death from causes not related to EA progression, Lynch syndrome, synchronous and metachronous malignancies, and age less than 45 or more than 80.

A total of 100 out of 156 cases of EA during the study period were determined to be eligible for inclusion in the study. The power analysis demonstrated that the number of patients was sufficient to conduct further research. The study used data from the Belarus Cancer Registry and archival histological material of 100 patients with histopathological diagnosis of EA. Histologic typing was performed according to the histological classification of endometrial cancer by the World Health Organization. Patients were divided into two groups. The first group included 48 subjects who had recurrence or died of EA within 5 years after diagnosis (unfavorable outcome). The second group consisted of 52 subjects who had no recurrence or death within 5 years after diagnosis (favorable outcome). The average age in the group with favorable outcome was 62.7±10.1 years and it was 65.2±9.6 years in the group with an unfavorable outcome. Patient characteristics by FIGO stage and tumor grade are presented in [Table 1](#t1-jptm-2017-07-19){ref-type="table"}.

Hematoxylin and eosin staining protocol
---------------------------------------

Five-micrometer-thick sections were prepared from the archival histological blocks. They were mounted on microscopic slides. Next, the sections were deparaffinized in two portions of xylene and rehydrated in descending concentrations of ethanol. Subsequently, they were stained with hematoxylin and eosin by standard methods. The sections were cleansed in carbolic xylene, dehydrated in ascending alcohol concentrations, dried and mounted under coverslips using Biomount medium (DAKO, Glostrup, Denmark).

Primary antibodies and detection system
---------------------------------------

Primary antibodies used in this study include the following: ready-to-use monoclonal rabbit anti-CD34 (clone EP88) and ready-to-use polyclonal rabbit anti-VEGF (Diagnostic Biosystems, Pleasanton, CA, USA). Mouse/Rabbit PolyVue Plus HRP/DAB Detection System (Diagnostic Biosystems) was used for primary antibodies visualization.

Immunohistochemical staining protocol
-------------------------------------

The 4--5-μm-thick sections of tissue on l-polylysine coated glass slides were deparaffinized and washed with distilled water for 3 minutes. Antigen retrieval was performed using antigen unmasking solutions Tris-EDTA buffer (1 mM, pH 9.0) and citrate buffer (1 mM, pH 6.0), with preheating in the microwave at 800 W for 5 minutes and at 600 W for 10 minutes, respectively. The sections were then allowed to cool in the same solution. Endogenous peroxidase blocking was performed in 5% hydrogen peroxide for 20 minutes, and blocking of nonspecific antibody binding was ensured by incubating the sections in 5% casein in Tris-buffered solution for 1 hour. Following a brief wash in Tris-buffered solution, the sections were incubated in moist chamber at room temperature for 2 hours with corresponding primary antibodies. Tissue sections were then incubated at room temperature for 30 minutes with antimouse horseradish peroxidase secondary antibodies. Between each step the sections were washed twice with Tris-buffered solution for 5 minutes each. The reaction product was visualized with 3.3'-diaminobenzidine staining for 5 minutes, followed by Mayer's hematoxylin counter-staining \[[@b10-jptm-2017-07-19]\].

Morphometry
-----------

Determination of tumor vessels of microvasculature was carried out in the field with the largest number of capillaries (hot spots). The number and the area of vessels per 1 mm^2^ were determined by counting the number in 5 fields under the magnification of ×400. These results were converted to 1 mm^2^ area of the tumor tissue. The microscope Nikon Eclipse 50i with digital camera DS-F1 and NIS-Elements software (Nikon, Tokyo, Japan) was used for this morphometric work.

Statistical analysis
--------------------

All data were presented by the median, lower and upper quartiles. A two-tailed Fisher test was used to compare the groups according to the presence or absence of MELF-pattern. Mann-Whitney test and receiver operating characteristic (ROC)-analysis were used for comparing the study groups based on the evaluated criteria. Determining the confidence interval (CI) and the area under the ROC-curve were the compulsory component of the ROC-analysis. The quality prediction model was labelled excellent at area under the curve 0.9--1.0, very good at 0.8--0.9, good at 0.7--0.8, medium at 0.6--0.7, and unsatisfactory at 0.5--0.6. According to the threshold indicator, the patients were divided into two groups for 5-year survival analysis by Mantel-Cox test. A Spearman correlation test was used for groups. A multivariate Cox proportional hazard analysis was developed using stepwise regression (forward selection, enter/remove limits p=.10) to identify independent predictors of outcomes. A p-value of less than .05 was considered statistically significant. R v.3.4.0 free soft was used for statistical analysis.

RESULTS
=======

MELF-pattern
------------

Distinctive changes in the glands that characterized the MELF-pattern were related with fibromyxoid stromal reaction. For instance, invasion of the myometrium by tumor glands showed that there is an absence of fibroblastic reaction ([Fig. 1A](#f1-jptm-2017-07-19){ref-type="fig"}). Intriguingly, fibromyxoid reaction compressing cancer glands were observed in the MELF pattern as expected ([Fig. 1B](#f1-jptm-2017-07-19){ref-type="fig"}).

The MELF-pattern was observed in eight cases (16.7%) in the group with favorable outcome. Fibromyxoid changes were typical for the MELF-pattern which was observed in 17 cases (56.7%) of EA in the group with unfavorable outcome. Statistical difference (p=.014) was detected by comparing the number of the MELF-pattern present in the two groups. The observed survival rate of a patient with EA was significantly lower (p=.002) when MELF pattern was present compared with when MELF-pattern was not present ([Fig. 2A](#f2-jptm-2017-07-19){ref-type="fig"}).

Number of vessels
-----------------

In the group with favorable outcome of the disease, the vessels were mostly detected in a small or moderate amount, with an oval-shaped lumen. Slight atypia was observed in the endothelium where the basement membrane was visualized throughout the cross-section of the vessels ([Fig. 1C](#f1-jptm-2017-07-19){ref-type="fig"}). On the contrary, the vessels of the microvasculature within the hot spot areas in cases with unfavorable outcome had mostly irregularly-shaped lumen. They were closely located to each other, often forming a densely branching network. It should be noticed that the endothelium had an irregular shape and an irregular intermittent basement membrane in the unfavorable outcome group ([Fig. 1D](#f1-jptm-2017-07-19){ref-type="fig"}).

In the group of patients with unfavorable outcome, the median number of vessels in 1 mm^2^ of EA tissue was 139.1 (range, 74.1 to 174.6), and in the group with favorable outcome the median was 95.5 (range, 57.0 to 171.0). A significantly increased number of vessels were detected in the group with unfavorable outcome (p\<.001; z=5.625), compared to favorable outcome group.

The ROC-analysis of this index showed that the area under the ROC-curve was 92.3% (95% CI, 82.5 to 97.6; p\<.001). The sensitivity was 86.7% (95% CI, 69.3 to 96.2), the specificity was 96.7% (95% CI, 82.8 to 99.9), and the threshold value of the index was 114.0 vessels/mm^2^.

After studying the overall survival rate of patients with EA depending on the number of vessels in 1 mm^2^ of tumor, it was found that the survival rate was statistically lower (p\<.001) in patients whose tumors had more than 114.0 vessels/mm^2^ of tumor tissue ([Fig. 2B](#f2-jptm-2017-07-19){ref-type="fig"}).

Area of the vessels
-------------------

The median of the vessel area in 1 mm^2^ of tumor tissue in group 1 was 4,904.1 µm^2^/mm^2^ (range, 4,400.1 to 6,245.1 µm^2^/mm^2^). The median of this index in the second group was 2,818.9 µm^2^/mm^2^ (range 1,348.2 to 5,449.8 µm^2^/mm^2^). A significantly larger area of vessels was detected in the unfavorable outcome group (p\<.001, z=6.247) compared with the favorable outcome group.

After performing ROC-analysis of the vessel area in 1 mm^2^ of tumor tissue, it was found that the area under the ROC-curve was 97.0% (95% CI, 89.0 to 99.7; p\<.001). The sensitivity, specificity, and threshold value of the index were 100% (95% CI, 88.4 to 100.0), 96.7% (95% CI, 82.8 to 99.9), and 3,541.2 µm^2^/mm^2^, respectively.

The study of the overall survival rate of patients with EA depending on the vessel area of 1 mm2 of tumors showed that the survival rate was statistically lower (p\<.001) in patients whose vascular area in tumors was more than 3,541.2 µm^2^/mm^2^ ([Fig. 2C](#f2-jptm-2017-07-19){ref-type="fig"}).

VEGF
----

The expression of VEGF, one of the main stimulators of angiogenesis, was observed in all cases of EA. Diffuse expression of this marker was detected in the stroma and glandular component of EA. However, in cases of favorable outcome, a weak staining was observed in the cytoplasm, indicating a lower expression of VEGF ([Fig. 1E](#f1-jptm-2017-07-19){ref-type="fig"}). In the glandular component of the tumor, VEGF expression was, however, more evident and uniform. In the group with unfavorable outcome, an opposite result of immunohistochemistry was observed: the VEGF expression was strong, detected as brown staining foci in the cytoplasm of the tumor cells ([Fig. 1F](#f1-jptm-2017-07-19){ref-type="fig"}).

In cases with unfavorable outcome, the median of VEGF expression was 82.1% (range, 59.1% to 100.0%) and it was statistically higher (p\<.001; z=6.616) in comparison with the median of cases with favorable outcome, which was 49.0% (range, 20.8% to 62.1%).

The ROC-analysis of VEGF expression showed that the area under the ROC-curve was 99.8% (95% CI, 93.6 to 100.0; p\<.001). The sensitivity was 100.0% (95% CI, 88.4 to 100.0) and the specificity was 96.7% (95% CI, 82.8 to 99.9). The threshold value of the index was 58.1%. The survival rate was statistically lower (p\<.001) in patients whose VEGF expression of the glandular tumor component was more than 58.1% ([Fig. 2D](#f2-jptm-2017-07-19){ref-type="fig"}), as expected.

Correlation analysis
--------------------

Our study demonstrated a significant correlation between the MELF-pattern and VEGF expression in both groups. For instance, the correlation between the two was r=.541 (p\<.001). This was also observed between VEGF expression and the area of vessels (r=.762, p\<.001) and number of vessels (r=.648, p\<.001). Correlation analysis describes the changes in cancer stroma caused by VEGF expression in cancer cells.

Multivariate Cox's proportional hazard model
--------------------------------------------

A multivariate Cox's regression analysis revealed that MELF-pattern and the area and number of vessels per 1 mm^2^ of tumor tissue are independent prognostic factors of 5-year survival of patients with EA ([Table 2](#t2-jptm-2017-07-19){ref-type="table"}).

DISCUSSION
==========

Our study shows that the MELF pattern is more frequently observed in cases with unfavorable outcome than in those with favorable outcome, suggesting that the presence of MELF pattern may be a prognostic factor for patient survival. It can be assumed that MELF is a "medium" which enhances the spread of the tumor cells. After aggressive radiation therapy, a similar change of fibromyxoid response in the stoma was observed in squamous cell carcinoma of the vulva, just as MELF pattern in EA \[[@b11-jptm-2017-07-19]\]. Immunohistochemical and genetic study of MELF pattern in EA disclosed stromal cell separation and disappearance and downregulation of E-cadherin expression \[[@b12-jptm-2017-07-19]\]. As pointed out by several authors, these changes are probably crucial in increasing the invasive capacity of EA and intensification of its metastatic potential. In the univariate analysis, the presence of stromal fibromyxoid reactions by MELF pattern was associated with an unfavorable prognosis of EA \[[@b8-jptm-2017-07-19],[@b10-jptm-2017-07-19],[@b11-jptm-2017-07-19]\].

The number and area of microvessels in our study showed statistically significant difference between the survival rates of patients with favorable outcome and unfavorable outcome. This can be used as a strong potential prognostic factor in the survival of patients with EA. Microvessel density in tumor-invaded tissue is increased by local angiogenesis that results in enhanced cancer cell proliferation during tumor progression. In gynecological cancer, angiogenesis is one of the crucial factors of tumor progression and plays a significant role in the maintenance of the growth of malignancies and their metastatic potential \[[@b13-jptm-2017-07-19]\]. Some authors suggested that the density of vessels of microvasculature is an indirect marker of the intensity of tumor vascularization, which is known to be associated with the progression of endometrial cancer and 5-year survival rate \[[@b14-jptm-2017-07-19],[@b15-jptm-2017-07-19]\]. In such reports, immunohistochemical marker CD34 was proven useful in the detection of these endothelial cells \[[@b16-jptm-2017-07-19]\]. The immunohistochemical expression of CD34 by endothelial cells allows counting the number and area of tumor vessels, which are prognostic signs that do not depend on other tumor characteristics, such as expressions of proliferation markers and adhesion molecules \[[@b17-jptm-2017-07-19]\].

Our study shows VEGF expression as a predictor of survival in patients with EA. For instance, the higher the expression of VEGF in cancer cells, the lower the survival of the patients, as predicted in our study. Nowadays, VEGF is the most frequently studied angiogenic promoter; its expression is observed in the normal endometrium as well as in other uterine malignancies, although it is higher in cancer tissue when compared with normal \[[@b18-jptm-2017-07-19]\]. VEGF stimulates endothelial cell proliferation, but it also increases vascular permeability, which helps the tumor cells to migrate to metastatic sites \[[@b19-jptm-2017-07-19]-[@b21-jptm-2017-07-19]\]. Saito *et al*. \[[@b22-jptm-2017-07-19]\] reported that based on the surgical materials of 85 cases of EA, there was a significant VEGF expression in both highly differentiated and moderately differentiated tumors compared to poorly differentiated ones. In addition, it was reported that estrogen levels decrease the expression of VEGF, which may be an indication of increased survival of patients with EA \[[@b23-jptm-2017-07-19]\].

We showed for the first time that there is a significant presence of MELF pattern and an increased number and area of vessels in cases of EA with unfavorable outcome. In our study, VEGF expression correlated with the area and number of vessels, but it did not have any predictive force according to multivariate Cox's proportional hazard analysis. Although our data suggest that these criteria may be used as prognostic factors of EA during the 5 years after radical surgical treatment, a larger independent cohort of samples should be studied to verify these findings.
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![(A) Stroma without fibroblastic reaction and tumor glands invading the myometrium. (B) MELF-pattern of the stroma with fibromyxoid reaction compressing the cancer glands. (C) Vessels in EA stroma with round lumen in group of patients with favorable outcome (arrows, CD34 immunostaining). (D) A large number of unusual vessels with dilated lumens in group of patients with unfavorable outcome (arrows, CD34 immunostaining). (E) Weak focal expression of VEGF in glands of EA, commonly detectable in patients with good outcome (VEGF immunostaining). (F) Diffuse strong expression of VEGF in glands of EA in cases of unfavorable outcome (VEGF immunostaining). MELF, microcystic, elongated, fragmented; EA, endometrioid adenocarcinoma; VEGF, vascular endothelial growth factor.](jptm-2017-07-19f1){#f1-jptm-2017-07-19}

![Cumulative proportion survival. (A) MELF-pattern. (B) Number of vessels per 1 mm^2^. (C) Area of vessels per 1 mm^2^. (D) VEGF expression by tumor glands. MELF, microcystic, elongated, fragmented; VEGF, vascular endothelial growth factor.](jptm-2017-07-19f2){#f2-jptm-2017-07-19}

###### 

Characteristics of the patient groups by FIGO stage (2009) and tumor grade

  Characteristic   Unfavorable outcome group (n = 48)   Favorable outcome group (n = 52)
  ---------------- ------------------------------------ ----------------------------------
  FIGO                                                  
   I               20                                   23
   II              23                                   23
   III             5                                    6
  Grade                                                 
   G1              17                                   16
   G2              25                                   31
   G3              6                                    5

FIGO, International Federation of Gynecology and Obstetrics.

###### 

Multivariate Cox's proportional hazard model analysis of prognostic factors in patients with endometrioid adenocarcinoma

  Factor            p-value   Hazard ratio   95% CI
  ----------------- --------- -------------- ------------
  MELF-pattern      .013      2.20           1.18--4.09
  No. of vessels    .009      3.31           1.33--8.16
  Area of vessels   \< .001   1.03           1.01--1.17

CI, confidence interval; MELF, microcystic, elongated, fragmented.
